Abstract: This study analyzes factors affecting the price of South Korea's Certified Emission Reduction (CER) using statistical methods. CER refers to the transaction price for the amount of carbon emitted. Analysis of results found a co-integration relationship among the price of South Korea's CER, oil price (WTI), and South Korea's maximum electric power demand, which means that there is a long-term relationship among the three variables. Based on this result, VECM (vector error correction model) analysis, impulse response function, and variance decomposition were performed. As the oil price (WTI) increases, the demand for gas in power generation in Korea declines while the demand for coal increases. This leads to increased greenhouse gas (GHG; e.g., CO 2 ) emissions and increased price of South Korea's CERs. In addition, rising oil prices (WTI) cause a decline in demand for oil products such as kerosene, which results in an increase in South Korea's maximum power demand.
Introduction
Erratic weather phenomena caused by climate change threatens the survival of mankind. According to UN reports on climate change, environmental disasters caused by climate change can cause unexpected serious problems. In addition, climate change can cause economic, social, as well as environmental problems [1] [2] [3] [4] [5] . The increase in GHGs (greenhouse gases) is a major cause of global warming. In order to address global warming, climate change agreements such as the Kyoto Protocol have been reached concerning GHG emissions [6] [7] [8] [9] [10] . In Korea, energy services are variously explored [11] [12] [13] [14] and related renewable energy policy is in action [15] [16] [17] [18] [19] [20] . The Korean government is making an effort to enhance the efficiency of electricity generation [21] . According to Marques et al. [22] , power generation using conventional fossil resources has shown a positive causal relationship to Greek economic growth in the short term. However, the causal relationship between power generation and economic growth using renewable electricity was not clear. In addition, Greece's economic growth is considered to be short-term causes of electricity generation using renewable electricity. However, there was no causal relationship in the reverse. The Certified Emission Reduction (CER) is the GHG reduction system as set out in Article 17 of the Kyoto Protocol, which establishes the transaction price for the amount of carbon emitted. It allows governments to allocate annual emission credits to companies emitting GHG. This is a system that permits business-to-business transactions involving emission credits. South Korea's emissions trading system has been in effect from 1 January 2015, in accordance with Article 46 of the "Low Carbon, Green Growth", and has been listed on the Korea Exchange. There have been studies regarding the factors affecting the price of the EU's CER. Mansanet-Battaller et al. [23] used the ratio of fossil energy price and power price as variables. The coefficient of energy prices was found not statistically significant at the 1% level. The coefficient of electricity price was statistically significant at the 5% level. The time-lagged Brent oil price and the coefficient of electricity price were statistically significant at the 1% level. In addition, the price of CER increased as energy prices increased. This supports the assumption that as the price of oil and gas used for power rises, the demand for coal as an alternative fuel source increases, which results in an increase in carbon emissions. Subsequently, the increase in carbon emissions causes an increase in demand for carbon credits and an increase in the price of the CER. However, it is assumed that there is a coupling relationship between the price of oil and gas.
Kim [16] analyzed the correlation between the price of the EU's CER and the price of energy utilizing daily and weekly data. Concerning the daily data analysis, the correlation between the price of the EU's CER and oil price was high, and the price difference between coal and gas was not statistically significant. In addition, the relationship between electricity price and emission price was not statistically significant. Regarding the weekly data analysis, the price of the EU's CER was highly correlated with oil price. However, electricity price was not statistically significant in correlation with emission price. As a result, it was concluded that the volatility of oil prices could predict the volatility in price of the EU's CER.
Conversely, Park [24] used a linear regression model to define the price volatility of South Korea's CER. The closing price data of the KAU15 (Korea Allowance Unit) and the KCU15 (Korea Credit Unit) were used for the price of South Korea's CER. KAU 15 data was obtained from 12 January 2015-30 June 2015, and KCU 15 data included the period from 6 April 2015-30 June 2016. The explanatory variables included energy price, temperature index, and economic outlook index.
It was found that the energy variables (oil and electricity) were not statistically significant in both cases. Park [24] proposed that the government separately imposed the settlement of emission trading costs because the price of emission credits was not reflected in the price of electricity. The temperature index and the cooling index-which are associated with energy-were not affected by the price of South Korea's CER. Park [24] found that statistically valid pricing factors in prior studies are not valid for South Korea's CER market.
Based on theoretical principles and research experience, we conducted a time series analysis using VECM (vector error correction model) with oil price (WTI) and maximum power demand in South Korea to determine whether South Korea's CER is consistent with findings in previous studies. South Korea's emissions trading system has been in effect since 1 January 2015. However, the transaction volume has been small and has been evaluated as a nominal market. Additionally, there is the limitation that the data for time series analysis is extremely short. However, it is meaningful to conduct the time series analysis of South Korea's CER, which has not been tested using time series analysis with oil price (WTI) and South Korea's maximum power demand prior.
Materials and Methodology
South Korea's CER has been listed on the Korean exchange market since 2015. South Korea's CER can be divided into the KAU (Korean Allowance Unit), the KCU (Korean Credit Unit), and the KOC (Korea Offset Credit). The KAU is the allowable amount of GHG emission allocated to companies. At the beginning of each planning period, it is listed by classifying the transactions. The KCU is the emission rights converted from external business GHG reductions by specific implementation year, and the listing period is not specified and is flexible. The KOC is the government's allowance of GHG emissions that the business owners have reduced out of the businesses where they are assigned. There are different types of CERs, including the KAU 16, KAU 17, KCU 16, and KCU 17. However, it has not been long that a sufficient volume of transactions has occurred. The transaction volume has increased since 16 June. This is because companies felt the need to deal with emissions trading as they go through the implementation year of carbon emission rights. This study conducted unit root tests for the price of South Korea's CER (EMI), oil price (OIL), and South Korea's maximum power demand (ELEC). In the case that these tests found evidence of I(1) (integrated of order one), the co-integration test was used to determine co-integration employing prior research methods. Finally, the VECM (vector error correction model) was applied according to test results [25] [26] [27] [28] .
Regarding the VECM analysis, the stability of the time series was verified through the unit root test, and then the long-term relationship was examined through the co-integration test. Finally, estimation of the short-and long-term causal relationship was conducted using the VECM. This is because VECM uses raw data rather than first-order data, so it is possible to estimate the long-term causation as well as short-term causal relationships that can be identified by a general Granger test [29] [30] [31] .
Prior to conducting the time series methods, we must consider whether each dataset has a unit root. Unit root makes the result invalid if they are not accounted for. However, in the analysis of co-integration using the VECM, although each dataset has a unit root, they can be accounted for through the co-integration test [32] [33] [34] [35] .
There are various stationary tests for testing the unit root. The augmented Dickey-Fuller test and the Phillips and Perron test were used in this study because the insufficient data may produce untrustworthy results using only one test.
If it is concluded that there is a unit root in the data, then the co-integration test can be applied. The co-integration test is used to confirm the existence of a linear combination integrated of order zero.
A non-stationary time series which has unit roots and linear combination I(0) is called a co-integration relation. The existence of co-integration means that if one variable is broken with another variable in a co-integration relation, this state does not persist for long before returning to the previous stable relationship. Therefore, there is a long-run equilibrium relation between variables [29, 30] .
While there are various co-integration tests, the Johansen co-integration test is used in this study.
If the co-integration relation is confirmed by way of the co-integration test, the short-and long-term causality can be tested through the VECM as follows. Consider the equations below. β 1 , β 2 , and β 3 represent the long-term causality. Therefore, if they are meaningful, it can be concluded that long-term causality statistically exists for the data. These terms are for short-term causality. So, if they are meaningful, it can be concluded that short-term causality statistically exists for the data.
In addition to the VECM analysis, we will show the meaningful methods used to analyze our data. Impulse responses are required to understand results in the short term. The impulse response function is a moving average model which shows how the variables in the model respond to shocks over time, given the unexpected economic impacts. There is also the advantage that it is easy to check conveniently through the graph. Finally, it is straightforward to grasp causal relationships between the variables and to analyze the influence of variables [27] [28] [29] [30] .
Variance decomposition is also used to enhance the interpretation of results in the short term. Variance decomposition is a method of describing the relational characteristics of variables with impulse response analysis. The prediction error of a specific variable includes several impact factors of other variables. The method of decomposing these factors is variance decomposition. In other words, it is possible to analyze the relative importance of the endogenous variables in the error terms of the vector autoregressive model through variance decomposition [27, 30] .
Results and Discussion
The results of the unit root tests show that in the case of the inclusion of trends, the null hypothesis that the unit root exists at a significance level of 5% cannot be rejected for the price of South Korea's CER and South Korea's maximum power demand. However, the augmented Dickey-Fuller (ADF) and Phillips and Perron (PP) tests for the first difference show they have no unit root at the 5% significance level, indicating that both the price of South Korea's CER and South Korea's maximum power demand are I(1). In other words, each variable in the unstable time series is stabilized when the first difference is applied.
Conversely, the results of the unit root test for the price of oil differ. Therefore, careful judgment is required. Regarding the price of oil's unit root test, the null hypothesis is rejected at the 5% significance level. This means that the price of oil does not have a unit root at the 5% significance level. This is suspicious, because generally it is known that the price of oil has a unit root. This unexpected result may be due to insufficient data. In the case of the Phillips and Perron test, it has a unit root. We accepted the Phillips and Perron test (Table 2) . Since all variables are I(1), the co-integration test can be conducted to determine whether there is a stable co-integration relation between variables. The Johansen co-integration test was used in this study, and the optimal lag length was determined according to the results of the AIC and SIC analyses.
It is shown that each dataset has a unit root. Therefore, we can apply the co-integration test to determine whether the linear combination is stationary.
According to the maximum value, it is rejected that it has no co-integration relationship, and it is not rejected that it has at most 1 and 2 co-integration relationships at the 5% significance level. In short, this means that the linear combination has one co-integration relationship. However, when it comes to the trace value, there is no co-integration relationship at the 5% significance level. This is contrary to the result for the maximum value. In this case, Johansen stated that we can base our choice on the interpretability of the co-integrating relations. This study chose the maximum value. Therefore, there is a long-term equilibrium relation between variables (Tables 3 and 4) .
The trace statistic and the maximum eigenvalue statistic may yield conflicting results. For such cases, we recommend that you examine the estimated co-integrating vector and base your choice on the interpretability of the co-integrating relations; see Johansen [30] for an example. According to this result, VECM was performed. The optimal lag length was determined according to the results of the AIC and SC analyses. The results of VECM found the ECT coefficient of the price of South Korea's CER was −0.14, statistically significant at 1% with an absolute value of t above 3.0. This means that there is a long-term causal relationship between the price of oil and South Korea's maximum power demand with the price of South Korea's CER. In addition, this means that deviating part in the previous period will be recovered to this period from the long-term relationship. This is consistent with previous research concerning the price of the EU's CER.
On the other hand, the estimation results show the short-term coefficients γ, δ, and ϑ indicate a short-term causal relationship. The differenced data of the price of South Korea's CER is 0.636013 and −0.149786. The shock in the previous period led to a rise in the current period, and the shock in the period before the previous period led to a fall in this period.
The differenced data of the price of oil is 60.10426 and −160.7532. The shock in the previous period led to a rise in the current period and the shock in two periods prior led to a fall in the current period. However, the standard error is too high to trust. The differenced data of South Korea's maximum power demand is −0.041627 and 0.005906. The shock in the previous period led to a fall in the current period and the shock in two periods prior led to a rise in the current period (Table 5 ). Regarding the impulse response function, the first graph indicates the response of the price of South Korea's CER to the price of oil's one standard deviation. The price of South Korea's CER increased for 7 weeks following a shock in the price of oil.
The second graph indicates the response of South Korea's maximum power demand to the price of oil's one standard deviation. Initially, it decreased for about 2 weeks, but subsequently increased after 4 weeks. These results confirm previous research.
However, the last graph indicates the response of the price of South Korea's CER to South Korea's maximum power demand is in contrast to previous studies. Insufficient and uncertainty in data-especially in the price of South Korea's CER-may have produced these unreliable results (Figures 1-3) .
The (Figure 1-3) . Korea's CER was performed. The variance of the forecast error for South Korea's CER is explained by 86.1% by self in early stage (t = 3), the price of oil (12.3%), and the maximum power demand of (1.5%). Following the 10th period (t = 10), the variance is explained by 56% by self, 43.7% by the price of oil, and 0.34% by the maximum power demand in South Korea. It can be concluded that the price of South Korea's CER is heavily influenced by the price of oil. This is consistent with previous studies that found the price of oil has a significant effect on the CER. However, the standard error was high (Table 6 ). Korea's CER was performed. The variance of the forecast error for South Korea's CER is explained by 86.1% by self in early stage (t = 3), the price of oil (12.3%), and the maximum power demand of (1.5%). Following the 10th period (t = 10), the variance is explained by 56% by self, 43.7% by the price of oil, and 0.34% by the maximum power demand in South Korea. It can be concluded that the price of South Korea's CER is heavily influenced by the price of oil. This is consistent with previous studies that found the price of oil has a significant effect on the CER. However, the standard error was high (Table 6 ). Korea's CER was performed. The variance of the forecast error for South Korea's CER is explained by 86.1% by self in early stage (t = 3), the price of oil (12.3%), and the maximum power demand of (1.5%). Following the 10th period (t = 10), the variance is explained by 56% by self, 43.7% by the price Sustainability 2017, 9, 1768 8 of 10 of oil, and 0.34% by the maximum power demand in South Korea. It can be concluded that the price of South Korea's CER is heavily influenced by the price of oil. This is consistent with previous studies that found the price of oil has a significant effect on the CER. However, the standard error was high (Table 6 ). 
Conclusions
This study conducted time series analysis by employing the VECM (vector error correction model). We assessed oil price (WTI) and maximum power demand in South Korea using data from 13 June 2016-22 May 2017 to determine whether South Korea's CER is consistent with previous studies. Since all variables were I(1), the Johansen co-integration test was employed to determine whether there was a stable co-integration relation between variables. The linear combination composed of each variable had one co-integration relationship. Therefore, there was a long-term equilibrium relation between variables. Results of VECM found the ECT coefficient of the price of South Korea's CER was −0.14 and statistically significant at 1%, with an absolute value of t above 3.0.
There was a long-term causal relationship in the price of oil and South Korea's maximum power demand with the price of South Korea's CER. Therefore, it can be concluded that deviating part in the previous period will be recovered to this period from the long-term relationship. Conversely, the estimation results showed some statistically significant coefficients in the short-term relationship between variables. Concerning the impulse response function, as time passed, the response of the price of South Korea's CER increased by the price of oil's one standard deviation. In addition, the response of South Korea's maximum power demand decreased for approximately 2 weeks, and subsequently increased after 4 weeks by the price of oil's one standard deviation. However, the response of the price of South Korea's CER to South Korea's maximum power demand was contrary to the theory.
Oil price is closely related to the price of gas, as electric power companies will decrease the demand for gas and increase the demand for coal in the case of higher price of oil. This leads to increasing CO 2 emissions. In the long term, the price of South Korea's CER will increase. In other words, as the oil price (WTI) rises, the demand for gas for power generation in South Korea decreases while the demand for coal increases. This results in an increase in GHG emissions and a rise in the price of South Korea's CER. In addition, if the price of oil increases, the demand for oil products such as kerosene decrease and subsequently, demand for electricity increases. Eventually, maximum power demand increases.
Most results were consistent with previous studies. However, there were exceptions. First, we did not obtain sufficient data for time series analysis. In particular, South Korea's CER transaction volume was limited in that it has been evaluated as a nominal market. Additionally, a limitation to this study is that the data used for time series analysis was limited.
In Marques et al. [22] , there were no major driving energy sources of economic growth in Greece. Except for conventional fossil sources, energy sources have a limited impact on the industrial Sustainability 2017, 9, 1768 9 of 10 production index (IPI). From these results, Marques et al. [22] concluded that disturbance in economic activity has a greater impact on fossil-based power generation than renewable.
However, it is meaningful to conduct time series analysis of South Korea's CER, which has not been attempted previously involving oil price (WTI) and South Korea's maximum power demand. The volume of trading and price was controlled and restricted by government. These factors can have adverse effects on analysis results involving time series data.
The Korean government can use this result in the CERs policy making [36] . CERs' prices are closely related to oil price (WTI) and South Korea's maximum electric power demand. Therefore, the Korean government can approximately forecast price volatility and trade volume of CERs in the future. As a result, the Korean government can assign the volume of the reduction target more scientifically.
In South Korea, certified emission reductions have been traded for one and half years. They are very new data. Therefore, this paper can use only those periods of CERs data. Though the data has some weakness in length, the data are a very new and original contribution of this research. The authors can suggest future research in the use of longer series of Korea's CERs data after three or four years.
